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AUTOGENEOUS FRICTION STIR WELD LACK-OF-PENETRATION DEFECT
DETECTION AND SIZING USING DIRECTIONAL CONDUCTIVITY
MEASUREMENTS WITH MWM EDDY CURRENT SENSOR

Neil Goldfine, Vladimir Zilberstei, and Ablode Lawson
JENTEK Sensors, Inc.
200 Dexter Avenue
Watertown, MA 02472

David Kinchen, William Arbegast
Lockheed Martin Michoud Space Systems,
New Orleans, LA

Al 2195-T8 plate specimens containing Frictiod Stir Welds (FSW), provided by
Lockheed Martin, were inspected using directional conductivity measurements with the
MWM sensor. Sensitivity to lack-of-penetration (LOP) defect size has been
demonstrated. The feature used to determine defect size was the normalized longitudinal
component of the MWM conductivity measurements. This directional conductivity
component was insensitive to the presence of a discrete crack. This permitted correlation
of MWM conductivity measurements with the LOP defect size as changes in conductivity
were apparently associated with metallurgical features within the first 0.020 in. of the
LOP defect zone. Transverse directional conductivity measurements also provided an
indication of the presence of discrete cracks. Continued efforts are focussed on

inspection of a larger set of welded panels and further refinement of LOP characterization
tools.
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Commercialor Financial Sensitive Data



Ei2Q annsueg erouew

4 40 fejasay
leuspyuog Uiliey Rasyjao Hoo

WEHUPLORY BRSPS~ dRIBMaINBInR SISy, sJOosuas

D CARNE!

YT suespr( maN]

YN ‘Wsaouep
suonerddQ pnoysp suj ‘srosuag Y LN A
Aueduio) SWNSAG a0edg UIIEy pasyy0]
3neqeysepy MoIpuy
Uayoury praeq UI2)SIOq[IZ JIUIPRIA
1Se39q Y WIelf[IAq SUPION TION

000¢C =unf

IDUAIUO)) JBN[0IIY

A0SUIS JUILIND-APPH . NN
YIIAL SJUIUIAINSBIJA] AJAONPUO))
[euondaa1(] Suls)) Surzi§ pue UoNIAI(
19359 dO'T PIPAA 4NS U0IOLLY snoduagony



EieQ SAgIsusg jejoueuld Jo [BIDI0WIWOY
iBfjUapLu0Q uey pasyyjo0

19dpppzIPIOISY\ZA ) BW0IW\SEPIS SUdRIEMBIA\BINE\SISS sSJosUSS %s

IELING

SpIoM 411S U004 10} SSaUYOIYL 19348p (dO1)
uonesjauad Jo yoe| ayj Jo ainseaw e apinoad

0] SPOYIdINl PHD YUM Josuds . INMIN T LN3C
ay} Jo Aljigedes Areujwijaid ajessuowdg «

aAo93lqOo



23e( SAljisuag feourLg 10 LTERIETTTTH TS
IBjuspiuo uie pasyy0

1dd-p0ZIRWOIOV\ZA 1R WO0ISW\SAPIS ~SUdRIBMSIA\BINENSIBSTI SJoSUeS .

wAHLNA}

19959p JO'T 3T YOUT 6070 »
193J9p JO'T YOI UPUI H0°( «
1090 JO'T o1} YOUI ("0

193J9p JOT ON *

:SSQUYOIY) 109J9p JO'T JO 93uel e Sunuasaidal
A1owoa3 M S Je[ruurs yiim sjoued Inog

suawioads



Eleq eApyisuag {eloueu i0 IIETTITNG
{ehuapiuog urueyy basyyooy
3dd 000z iewnIaViZA JRUW0aV\SBPHS "SUdBIBMBIALBINEA\SIOSN SNELN

oA LNT

SSuIpuwIM AN
Jo uonejudLIo JeymIpuddrad pue pleIE <«

SUBDS , AUI'],, [EUOISURWII(J-dU() «

SIZeWI [CUOISUIUII(J-0M ], «

(ZHY 0S7) Louanbaayg IBUIS «

sjuawanseaj\ .. INMIN



aAlISUlS jeloueul 410 _m_oh&EEOO
jeuapyuod uiel paauyo0l
. 1dd-gOOTIEWOINV\ZATJBWIOIOW\SIPIS TSUdRIBMBIANBINEA\SISSM o

ged

w AL LN

wiaung (iIndur) Atewsid / abeljop Aiepuoosss = souepadiu) Iajsueif,

Arewnd ayy
JO 9pIS Ydeo uo Jepuesul
SOLIBPUOIDS OM |

Surdewr Joj Aexre ue 7 Bl
oju1 d[qeInSyuo)) — = M

b uaano
(induy)
Aewnid

I[BIUNOTA] deLINS

3[rULIOJUO))

L, -

Buipuipy Atewild

Jajawolaubepy Buipuipy BuLispues|y



Z1e(] SABISUSS jeroueuld 0 |EIDISWWOT
jenuepyuog ulleill peatpiooT

aﬁ_.oooﬁﬁschuﬁg:umsEwﬁmmn__mlmcuﬂo;m_am_:ﬁn:whmm:/ SJOBUBS
wALLNH
]| —] [
e el el P
J0SUAS TAIAMIA
JUURH
guisudg 9f3uIS LI L
Al

diy, 10suag

di1, Junys
uoneIqIE)

sdi] Josuasg Aeliy-,. INMIN
a|qeadejday pue agoid ..INMIN



BlE( SAlliSUag jeioueli 4 i0 jeiodaiwod
jenuepyuce) ullielR pesLd0T
1d-0pOTIIOISVAZARWOISY\SEPIIS TsydrIBMBIA\BINE A\S188 Y\ SJIOosURS

TALNAY

[991S AO[[V-80T (q) wnurunfy (e)

(HM) sprTuSe (v spmyuSen

0100 mnw.c cn_a L mw_o,o j2400]

104 DM:
.\Q\\.‘
(4
®
o B, | 2
W e % s
p. L ONI 7]
7] )
A.v -~
—_
& e ¢r- &
oa » A4 .
=
e
A 01"
“l
oF00 . SE00 000 STOO 0TO0  <Si00

12218 Loy moyp 4of &pprqawriad anjausvul (q)

pup ‘wnununip 40f £141onpuo? (v)

puv ‘[fogfn ay 03 2ouvpaduirsun.y

oy fo asvyd pup apnpudvut ay) agV]a.L SPLI3 ISAY ]

SpLIY) JUBWAINSEA|\ dAljeluUasalday



mm_.ubmﬁﬁcc

10
wea M_www“mou ugpreg PERWICT
18d-000ZITWOIAV\ZA T RIIIBY\SOPIIS SydrIBMBIA\BINENSIBS\ o sSJOSUSS
Bupa0uo A 991AISS-U] puB L LNH
Suidewf uLdS-J PBIUCH-UCN Sua03UOJA] 159, andne,f surf-uQ
10 JoE3U0]) AUT-UQ 10j AB11Y-INMIN SNONUUO)) 10] SABLIY-AMA

S9JBJINS PIAIN)) PUE JL] 10] 9G01J JAAIA Q1qBULIOU0)) JUSIS[H d[3UIS

saqo.id Aely-INAMIN pue



gjRC SAINSUSS [BIOURLL IO [BIDISUIIOD
[EIUSPHUCD LIMEH PIBLYD0T

o

g,

i
e

LUOIBISPLID-

UIN MILNSF 91GEL0d MaN



Bl SAIISUSS jRIOUBUI JO [BjoIoWW0)
[BI3USPLILOD UME PSSLP007]

1dd'00OZIBWOIRY\ZA I 2WO0IV\SAP||S " SUdeIBMBIA\BINEN\SIBS\
. Mg SJIOBURS

wALLNA

$o[qeo/2ImX1y uodnod QUIf-uo Yym o[oy your ¢7° Ul pajunowt
(JNTY) SINPOJA] JUSWINISUT JOWY Ke1ry-INMIN

suI7-uQ Aeliy-IWMIN



Bl SAlISUSS feiouelid 0 jeiadauiuiod
[eluBPYUOD UIMEN PASLOCT
W gOOZIPWOIV\ZARUIOIOW\SSPIS ~SUdRIBMBIANBITE NS 188 QLGQCQ@“ )

WAL LNH

SUOIJRLIEA dINJINIISOIIU JO SULIOIIUOLL
ABLIV-INMIA SsPd0ad-ur samexadurd; Y31y Jo UOT)BSN)SIATU] «

SUOTJBLIBA JINJINIISOIIIW A\ S PUB
sasuodsax AMIN U92M13q digsuoneraa 3y} Jo uoresnsaAu] «

(310339 2a0310) SIYOUT £°) MOPY
§799J9p JO’1 [Tews SunenuaayIp J0j dqoxd uonjeajoudd
zadaop e M spoyjaw Louanbaay spdnnur Jo uonesNHSIAU «

uor}9933p Yorad pue surddewr 30939p JO'T 10§ UONNJOSI.I
aSeun eneds ySiy pue uonexduad Jo yjdap pasearour
ap1aoad 03 YiSudesem [eneds pasedIdul Ue )M Spas

AS.] JO Suruueds 10j AeIIY-IAA A U JO UONBZIUI0ISNT) «

sJ0}}3 ainin4



2)E(] SA[ISUSS [BIoUBUIY JO [RIDIBUILOD
[enuUapuuUoD UM PRDLUYHI0T
14d-000TIPWOIOV\ZA JELLOIOV\SBPIS ~SYTRIBMBIA\EINE A\SI9S )\ sSJoSUSS

A LNA
SIXY PIOM /

uonoaII( Ueds (-1 L
Jj___JJL
|Jﬂl ke
..m.o

PJTE?

SIXY PI®M 01 8Alle|ay uoliejualiQ
Jejnoipuadiad Yum INAMIN

1

SIXY PIoM O1 dAlje|oY SuonejualiQ ueds pue aqoid WMIN



EJe(] SABISUDS [BIOUBLIL JO [RIDIBWIWOY

|BIIUSPHUOD UIMEL Pasuy30]
sJosusg [

A A LN

14d'000ZIBWOIOY\ZATIRWOIOV\SAPIS ~SUdRIBMIIA\RINENSIBSN\

SIXV Plom

1]

N e A==l
S — —1l ||ﬁ|

a1

<& -

B TE il
SIXY PIeM Ol @Alle|oY
uonejuslQ |sjjeied yim ANMIN

SIXY PI9M 01 dAlle|aY suoljejualiQ ueds pue agoid NMIN



oAIJISUSS [e1oUBUL JO [BIOIBWWLT

zjed
leUopRUCD UIME PaRLI0T

180-0Q0ZIBWOIIVZA JEI0IOV\SIPIS SUARIBMBIANBINE SIS

sJosUDS

{seysu}) 198)0g uo|IRIIOUS §O HIBT]

10 80°0 900 00 200 0

XEO-X

3

TO'0®JOTI Yam .81 2-L0-09WI™
T00=dOTH e 21 3-L0-09W1+
20°0=dOTil vw ,93-L0-09WIQ
13959 ON I} Y490 , 1T ZV-L0-09WTX
139)9Q ON i %W 81 TV-L0-09WTX
190§9Q ON [l W% 1 TY-LO-09WTX 6
60'0% JOTI Hsvw .6 IN-L0-09W1 D
60'0= 0TI Xm0 IN-LO-09 W1 ¢
60°0= dOTH "W € IN-LO-OS 1™
0 0=dON1 e 1T U-LO-0FINT™
$0°0= dOTl Wsw 8 ( U-LO-09NTH ?/

$0°0= dOTH B ,S[ U-LO-0IWIO
Z0°0= dOT1I MW 6 10-L0-0IWTXK
70'0= dOTil Wvw 9 1Q-L0-09WI X
20'0= dOTH MM € 1Q-L0-09W1 0

13agaq) oN auy pugjamind g-£0-09 W1 E
1a9gaq ON awp 15| jPltnd 8- L0-09 W1 ¢ o ml\\\

& suonealpu]
O ¥oein

pajoaaqg - NMIA
yum suoneson

KuAnonpuod pazijewsoN uojbay 191uad wnwiuiiy

SSUYIIY L, 193J9(] UONBIJIUIJ JO Yo ] JO uonoung

2o’}

€0’

0L

S0°L

9071

L0l

- 80°1

60°L

AuAnONpuOd WM N
uoleuallQ |djjeled pazije ution

DA LNA]

€ S (AJIAI}ONPU0)) PIZI[BULION UOISIY J9JU)) WINUIIUTIA])
asuodsay 10suas NMIN



eje(] sAljisuag je1oueul] JO [BI218WWOT

[erjuapyuog LIE PaaLPjoo]
300007 IBWoIRV\ZA TR0 \SOPIS ~sydeibmeiA\eNE\SISSN\

60 0RdOT I RIBW LG IN-LO-0IW e mpm =

60'0=dOT N AINW, E IN-LO-QIN[» womw = PO RO T NIRRT TU-LO 0N i =»Tm =

$0:0= dOT 1l Yanwh 1 °T1-LO-09NT =i 20'0=dOT 1 $40W 6 ° 10~ L0-0INT ———N——

60°05dOT 1 1M 9 IN-L0-0INT= ®=o= =

PO 05O RSB, B 1T LO QYN | oo

TO0=dOT 30U 0 [~ LO~ QYT ~mmmeipfprrosmmens

20'0-dOT 1AL W,, € 1G-L0-09N] il 19939 ON * AUl puz [ 3|11 0d ‘g - L0~ QINT oo 1935 QON FULLIST []] B30 d "B~ LO-OINT —merem

(sayoul) uolisod 9s19asuRI]

Ul M U MOYS

suoledpy| i

%90 WMIA

seur payseq —

P2 M O} [9ljeied PalualI0 NN UNM sueas Ajalonpuo)d

suaw19ads pjom A11S uonolid
10} sueds AuAnonpuo) NMMIN pazijewloN

G.6°0

G66°0

GLo'k

Se0'L

S0t

G/0°L

AuAnonpuod WM pazijew.oN

SJIOSUSS ﬁ

<A LNH|



1dd-QpOTIMWO0IIV\ZATIBWOIBW\SSPIS sy deiBMeIA\BINB \SISSN

B)2( SAISUDS JEIDUBLL JO |BI21WWO0Y

[eI3USPYUOY UHeW PasLa0T]

60'0=d01 " dao g ARW, £ IN-LOOINT™ = Om =

$0°0= 407" daod Y4B W, 61°T-L0- 09N ~——@—

60°0=d01*d1ad 4mW 6  IN-LOOIWT™ =[Im =

$0°0=d0OT A1 NIRW 1T U-LO-OIW ™ =T o

70°0=d0"1" 19 g Y0 W 6" 1A-L0-0IWT ~——Wr

60°0=d01" I3 g YInW 0 IN-LO-0INT™ =Om =

$0:0= dOT A1 A4m W BT T~ L0 QPN oo

20'0=d07 1 deod R1n W, 9 [A-LO-QINT i

20 0=40Tds2d 140w, € 1A~ LO-0IW T ———fll—— 103}3Q ON"2ul{ pugz-puodiad *g-£0-09W~——Wp—m—— 129]3Q ON ‘UK 15| ‘PUdI3 4 *G-LO- QYN mmrmm e

(sayoul) uollisod asiaasuel]

=R S
Y YT & TN

&,
gy rorare N e Y

seul] peyseq | SEO'}

UM UMOUS L ¢pory

suoie Py
N .

soeio wmw | SS0°H

Ayanonpuod WM W pazije wioN

pie M 01 Jejnojpuadiad pajuali0 WM Yum sueds Ajanonpuod

suawi12ads pjom 1S uonolid

10} sueas AuAnRonpuod NN pazijew.oN

sJI0SURS

» A LNH

|



Eje( 2AIISUAS [RIoueLi] 10 jejosewwmdd)
|2RUSpLUCD URIEIN PSUIO0T]

SJIOSUSS

A LNT

1dd:000ZIrmIoIOV\ZA YBLIOISY\SaPIS “sydeiBmaIA\BINEN\SIaS M\

-21nS1J SIY) UL UMOYS D18 (JOYI0 YOBS JO 956°( UIYIIm ‘sanjea AANONPUOD paonpai [jenueisqns juadelpe
saayp) *§+0) adeyg osuodsay] urog aenoipuadiog Aq POUILLINIDQ ‘SUOHRIIPUL YOrID INMIA Yim suonesof ay) A[uQ

60°0=dO1 “"diad Yew ,6 ‘IN-20-09W1 ~ LT+

60°0=d0" “diad ew ,9 ‘IN-20-09NT = <~
60°0=d01 “diad ew £ ‘IN-L0-09N1 -~ O

$0°0=d0O1 “diad ew .12 ‘2-/0-09W1 ~ V=

(sayou) uonisod asiaAsueL]

& D ~ ~ QO

o F & & 4 & o P & @ P o
.........E_h__._._P__ma.o
m'ﬁa $86°0
P , .
LEEEXETY i ko d X o
( N [AY .
Q% } X .@@. S00°k
R e | [} ¢ 1] I 4 .
v ¥ By % S0}
; ] bR .@Q .
UN H | I— = G20t
R S ~ M. .- )
Y Q!l'n!..ﬂ 4 GEO'L

]

ﬂ@. *O— Sh0"4
du W §50't
G90°L

suawi2ads pja 111S uololIg

PI9 M O} 1B[NoIpuUadiad POIUALO NMIN YiM sueds AlIAnoNpuo)

ANARONPUOD WMIN PozZifeWION

10} sueoss ALARONPUO) NN POZIjewION

|



EJE(] SANISUSS [BIoUBLI 4O [RIOIBLILIOD
jeluepiUOD UilBIA PARLPI0T

.an.88%&965.«.;1“.@59@3«mn__mumcnm_mzm_>/m_u.mn;@mmz/ N . SIOSUBS -
WAL LN
o = N @ »> o o ~ o
e I I R <, R\ I S I 7 NS B~ & B ) B4 I o > BN G Y R o 2 B e < SR
@l_,.‘ i m (| ) t ] 1 i 1 ] 1 1 )
§z'0-
)
I L N ]
66°0-86°0 20
1-6670M It ame oo G R ERh e e
1o'L-+ 00
. sT'L L
20'1-+0'1 0
€0'1-20'L M SRl
$0°1-60" | B NS pRBQEE ST e EeE
S0'L-v0' L M B e S o
90'1-G0'L & czz | :
L0°1-90'L M - <+ <+
§g
o L2
60'+-80'1 O
o 4 - 1 _
SUON = HLd3d dO1 I18lieied gv-20-09IN1

SIXY P9 O1 [9ljeled sluawbas
Buipuip Joabuo NMIN YUM “ZH0SE 1e ‘2V-20-09INT
uawioads Jo abewj NMIN [euocisuawig-¢ PazijeulioN



1dd"0O0ZITWoIIVIZA T JELICIOWV\SSPIS sydeiBMaIANBINE NSI8S\

Bje(] OAJISUSS [EIOUBUI 10 [BIoJRUIIOY
jenuapluog UiE PAsLRjI0T]

SIDBUDS

wALLNA

66'0-86'0 E
1-66'0 M
10'1-1 0

20110k O

€0'1-20'L W

pO'L-€0'L B

GO'L-v0'L W

90'1-G0'} @

L0901 W

80'1-L0°L W

60'1-80'1 O

AN
(RSN

9UON = H1d3Ad dO1 Islieied ¢v-L0-09IN™1

SIXY PI9M O1 [9]jeled sjuswbag

Buipuip 10buo INMIN YHM ‘ZH)0SE 1€ ‘2V-L0-09INT
uswioads jo abew] NMIN leuoisuswig-¢ PazijewlioN

/

|



14d-QQQZIRUIOIOV\ZA FEIOIBY\SOPIS SUdRIBMBIA\BINE SIS\

23] DAIISUDS [RISURLI IO [BI2JOWII0D
je1IUSPLUOD URIE) PSRY00T]

SIOSUBS

OTHLNA]|

66°0-86°0

1-66'0 W

10" L-4 O
20'L-10'L O
€0°'1-20’L M
0 L-€0' L B
SO'L-v0'} B
90'1-G0'} &
L0°1-90'} W
80°1-L0'} M
60°'1-80'} O

€
20’0 = HLld3da dOo1 19lieied 1a-L0-09N1

SIXY PIoM O} |9]jeied siuawbas

Buipuipn 19BU0T INMIN YHM ‘ZHX0SE 1B “La-L0-09N1
uawioadg jo abew| NN euoisudwi@-¢ PazijeulonN



g12(] SAISUSS jejoueuld 10 {e1013WWog
jEUSPIUCD UIME P30T

1dd-ppozIewoIav\ZA T JeWoIaY\SapliS TsydeIBMaIA\BINEA\SISS\

sJosues [

wALLNA

66°0-86°0 B

1-660 M

10" k-1 O
20-10'L O
€0'1-20'L M
0" L-€0'L @
SO'L-p0'L M
90'k-60'} B
L0°1-90'L M
80'k-20'L W
60°'1-80'L O

i

]

!

T
. o e e Pk
e ——r—— (OO0

i

i
DO OLOT DN+~
SOO0O0OCO O

¢0'0 = HLd3a dO1 idlieied 1ad-L0-09N7

SIXY PI9/M O1 [9jjeied siuawbas

Buipuipy Jo6uo WMIN UHM ‘ZHY0S2 1€ “1La-L0-09INT
uswioads Jo abew| NMIN [euoisuawig-g PazijewlioN



ziBQ oABISUSS [EiouRUL] 10 jeIISWIRICD
jeruapluoD UiliER PaduMI0T]

14 000TIFWOIIV\ZA 2 LU0ISV\SEPIIS SydRIBMBIANBINB A\SIS

BIOSUBS

WA LNA]|

66'0-86°0 B
1-66°0
10"k O

20't-10'1L 0

€0'1-20'L W

$0'L-€0'L B

GO’ L-v0'L B

90°'1-60'L @

L0190 L W

80'L-L0'L M

60'1-80°1 O

GL'9
SL

o
0

mN.oH
m.ou
GL'0

-G2'¢
SL'€
Sy

-G2'G

R

o
~
o
1

|

GZ'8

T
SZ'k
Sk-
SL'} |

2 , : Ll , 1) . W;;ﬁ
szeHr
§'2-
SL2-

€

200 = HLd3a 401 ‘puadiad 1a-L0-09N1

SIXY P|oM O1 Jejnoipuadiad suswbas

Buipuipy 196uoT INAIN UHM ZHM0SE 1e ‘1La-L0-09INT
uawioadsg jo abew|] NMIN [euoisusawig-¢ pazijew.oN



pyeq OABISUSS jeloueuld 10 ﬂm_o._mEEow

10d'000ZIBWOIIVAZA IELIOIOW\SEPIS SUARIBMBIA\BINEAN\SISS

pue _umwzxubd
_m_ﬁommw_ou EBLANY o m;@mcm@ﬁﬁ

R WA LNE

o

66'0-86°0 &

1-66°0 W

L0°1-1 0
2o'1-101 0 €
€0'L-20'L B
$0'1-€0'| @
GO'L-v0'L M
90'1-G0'} B
20°1-90°'L W
80'L-20'L W
60'4-80°1 O

h] A B ¥ A 2 A LS

20'0 = HLd3a dO71 'puadiad 1a-L0-09NT

SIXy PI9M O} Jejnojpuadiad sjuawbas
Buipuipy 1o6uoT INMIN UNM ‘ZHM0SZ 1€ “1a-L0-09IN
uawioadsg Jo abew] NN [euoisuswig-g POZI|eW.ION



gieg SARISUSE {2iouBLis 30 jRIoISWWog
JEUSPLUCD UBIBI PESUXI0T
, 1dd"ppozIPWoIoY\ZATIEW0IB\SOPIS TsSUdRIBMBIA\BINE NS 198\ N

« A4 LNT

GL
S¢'8

66'0-86°0 E
1-66'0 W c70-
10" k-1 O c'0

co'l-1o°t O S/°0 ,

€0'}-c0’'L | | i = « )

.y . 7% . pﬁw & WW%&%;;%%WWM%W%%%M@ %%ﬁ% AR >
..vo —1 mo —- 5 mN —- 3 > %w@%ﬁ%%%@%%@%w«%%ﬁ%%w m@wfa%%%%% - il

£0°1-90°L W 2 pamEEE R V
80 1-20°} n Gg'¢ g T~ l+! 1A ~T -
60°1-80'} O Sc-
QL¢
€
¥0°0 = HLd3d dO7 I9lieied ¢i-L0-09IN7

GEID W

]

/
i

SIXY PI9M\ O1 |9]|esed sluawbas
Buipulp 196U0T INMIN YHM ZHN0SE 1€ “2I-L0-09INT
uawioads jo abew|] NMIN Jeuoisuswig-g pazijew.oN



£1eQ SAISUOS [E10UELIZ 1O |EIRISWICY
jenuapiuod Uileil psRLPIo]
1dd-000IPIIOIOV\ZATJBUIOISW\SPIS™SYAZIEMSIANRINENS 1SN

SIOBUSS

w A LNH}

66'0-86°0 B
1-66°0 M
10'b-1 O

20'1-10'} O €

€0'1-20'L W

p0'1-€0'L @

GO'L-70'L

90'1-0"} B

0'1-90'L W

80'1-20'1 W

60'1-80'} O

N 1
O MNOLDFT N0

T

SO0000O00 OM

7

00 = HLd3A dO71 Idlieted ¢i-20-09IN"1

SIXY PI9/M O1 |9]jeied siuawbag

Buipuipn J96uoT WAMIN YHM ‘ZHM0SE 18 ‘2I-L0-09INT
uawioads Jo abew| NMIN Jeuolsuawig-g pazijewlioN



E}e(] aABISuLs jelouBuld Jo EIRIETHITRY
{BBUSPRUOD ujliEl Peoyy0T
10d-000ZITIOIVNEA IZW0ISY\SOPIS “SUdEIBMBIANBINE A\S 198 1\ SALNE

AL LN

© — Mo e > on o ~ o0
O O i g N o W (9 TR - (6] o (o) BN 6 ~N O Co (61 N (o
©; ] .. ! __ i _H { 1 1 |
66°0-860 E czZ'0
1-66°0 & 0
10°1-1 O .
GL0 = SN ~J1 - - =
20'L-10°L O ,& T
€0'1-20'| H P Lt | Tl s [ SRR EEEREES e
$0'1-€0° | B GZ k- o ; q R 2/
GO'L-¥0'L B S |
<1 -co' CEEEEEEER =@ Bk
00" L-G0" L B - M%%MWWW%@? adlV <Eh
L0'1-90°| B T e
80'L-L0'| H T 4 7N ] <P
60'1-80°1 O HG-a
g2
SL'2
m 2 2
$0'0 = HLd3d dO1 puadiad gI-20-09N1

SIXY PI9M 01 Jejnoipuadiad sjuswbag
Buipuip J86uo IWMIN UM ZHY0ST 1€ “2I-20-09INT
uswioads jo abew] NN euoisudwiq-g Pazijew.oN



Ci2a sasueg jerousy;

0
ieguepyuog ue 1 0 Ietsawuog

W P32ipya0y . ; sUosUsS |

~ SALNE|

1dd-000TIBWI0INV\ZA TIBLIOISY\SOPIS “SudeiBmaIne 2 \SI8S\

66'0-86°0 E

1-66'0 B

L0 L-1 0
co'l-1o't 0 €
€o'l-co'L m
v0'1-€0’'| @
SO'H-¥O'1L B
o0’ }-50'1 @
L0°1-90°} W
80'+-20'1 W
60'1-80"1 O

1

T

L]

T

T

T . .
rrrevereerrr OO0

{
OONOLOT A0
SSOSO00SS oG

Y

¥0°0 = HLd3d dO1 ‘puadiad 2I-20-09IN1

SIXY PI9M O1 Jejnaipuadiad sjuawbas
Buipuipn 196uoT INMIN UHM ZHM0SE 1€ “21-20-09IN T
uawioads jo abew] WMIN [euoisuawig-g pazijew.ioN



BJE(] SAIHSUSS [BIOUBUIL O [BIDISWIWIOD
[ERUSPYUOD LB PAdYY00T]

13d-gpOZIPWoIaV\ZA TRWO0IY\SSPNS TSUdRIBMBIA\BINEA\SIOSN\

SIOSUSS

DI LNH

66°0-86'0 &

1-66'0 &

O L-1 O
co'-tot g
€0'l-co'| B
0 1-€0°L &
GO’ +-¥0°'| B
oqQ't-so'L B
LO'1-90° L B
80'1-L0'I &
60'+-80°1L O

g8

o - N w S o o ~
G20
X0
505 = =
B

o R poy e DS e e S e e R

R "

°
mN. —. o B e » o2 B2 «.&w B s il T P 5V 0
o RS R cay (ST R WY RN R G B 3 852
oA :
T
m.N = : B S e ~L ™

o

60°0 = HLd3a dO1 I8lieied LN-L0-09IN1

SIXY PI9M 01 |2lleied siuawbas

Buipuipp 106uo AN UNM ‘ZHM0SE 18 “EN-L0-09INT
uawiioads jo abew| NMIN leuoisuswig-¢ PazijeulioN



18d°000ZIBWOIIV\ZA IBUIOIOW\SBPIS "SUCRIBMBIA\BINENSIIS\

Ble( oAjiSUaS jeiduRULL 10 jRIoIsWIWog
{elluapiUOD UIMIEIA PeaLo0T]

sJOsSUDS |

ELNA]

66'0-86'0 ®

1-66'0 0

LoL-1 O
co'k-to'L
€0'1-20'I B
y0'1-€0'| @
GO'L-v0'L B
mQt%QPm
LO'H-90'L
go'L-20'L M
60°1-80'1L O

[ N N O

60°0 = HLd34 dO71 alleled LN-L0-09IN1

OXON OLOTH CICNT— 00

O

SIXY PIoM O1 [9ljeied suawbas

Buipuipn 196uo NMIN YHM ‘ZHM0SE 18 ‘EN-20-09IN1
uawioads jo abew] NMIN jeuoisudwig-g pazijewoN



2)B( OAISUSS jBIoURUIL JO [210I0WLIGH
jeiluapliucd UL PeoLR{acT

WdgpoTIewosnY\ZA jeW0IBY\SBpIIS TSUdRIBMaIANBINE SIS sJosuss [
| Qﬁz&ﬁ
o N w (&)} o oo
T R IR
66'0-86°0 & o 4
1660 M 5e 0. ,
10°1-1 O e
20'1-10'L O SLOLR AEEEEN : o
£0°1-20°L W H e — = =
pO'1-€0"| B AG k1 A ,
SO'L-v0'L M S} oS et e
90’}1-0" | SLL e o P B e Y e B
L0'1-90'L B 4 C %
80°1-20"| M A L
60'1-80°'L O S¢-
6.2
e
600 = HLd3a dO1 ‘puadiad LN-L0-09N1

SIXy PI9M\ 01 Jejnaipuadiad sjuswbas
Buipuipn 196uoT WAIN YHM ‘ZHM0SE 18 “EN-20-09INT
uaswioads jo abew] NN euoisuawig-g pPazijew.oN



BjRQ SAIISUIS

10d-000ZIRIoIOY\ZA TR WI0SY\SIPIIS "SUABBMBIANBINZASISS\ jeruapyuoDd ul

je1ouRYl JO [B1DIUWWOD

e pee0T

<A LN

BJOSUDC M

T

-

66'0-86°0 BB

1-66'0 8

L0'L-1 0
20'L-10°1 O &
€0'1-20'L M
¥0'1-€0'L B
SO’ L-7O'L W
90'-S0'} E
L0190 L M
80'}-L0'L W
60'+-80'+ O

O O~ (OLOSF 0O A\l r=v— Y00

T

i i

T

600 = HLd3A dO1 "puadiad LN-20-09INT

SS0S0000T" 9%

SIXy P|9M O} Jejnojpuadiad sjuawbas

Buipuipn 186uo WAIN YUM ‘ZHM0SC e “EN-L0-09IN T
uawioads jo abew| NMIN leuoisuswiq-¢ pazijew.ioN



BJ2Q SARISUSS [BI2UBUIY 4O |E12J0WWO

m .
10 Q00T IWOIIVAZA TRWOISV\SAPYS SUABIBMBIAVBINZNS BB IEBUSPUOD UIMEI PasL}0T sJOSUSS

A LNA

ASHV uryjis
S}orID 39339p 03 Aiqeded pajesysuCWdP Sey SLINAL <«

| Saoul
10°0 3SI1J 9Y) UM AJAIINPUOD [BILIJIID IBLINS J8IU
1]} 193JJk jey)) sadueyd [8IN)INIISOIINU YA UOIIR[ILIOD
€ 0} 9N SI SSAUNIIY) J99J9P JOT 03 ANADISUIS «

Ul 60°0 PUB $(°0 “TO°0 JO SSIUNOIY) JO3JOP JO'] UdIMID|
BUILIISIP 03 Li[Iqeded pajensuowdp seq YAINAL <

SUoISN|oU0Y)



